Elevated glucocorticoid levels during an extended time period might be a stress indicator in nonhuman animals. Therefore, knowledge of the circadian pattern of cortisol secretion is very important to correctly interpret data obtained for welfare assessment of animals in captivity through salivary cortisol. In order to define the circadian rhythm of salivary cortisol secretion in the Asian elephant (Elephas maximus), morning and evening saliva samples of 3 Asian elephants were collected and analyzed by radioimmunoassay. Significantly higher salivary cortisol concentrations were found in the morning than in the evening in all individuals. These results show that salivary cortisol of Asian elephants follows a diurnal pattern of secretion, which could be taken into account when using this methodology to assess welfare in captive Asian elephants.
Health and welfare improvements are some of the main objectives of zoological parks. When nonhuman animals are exposed to a stressing agent, the hypothalaCorrespondence should be sent to Asunción Menargues, Estación Biológica Terra Natura, Instituto Universitario de Investigación CIBIO, Universidad de Alicante, Campus San Vicente del Raspeig, Edificio Ciencias III, E-03080 Alicante, Spain. Email: a.menargues@ua.es mic pituitary-adrenal axis is activated, inducing cortisol secretion by the adrenal cortex (Munck, Guyre, & Holbrook, 1984; Sheriff, Dantzer, Delehanty, Palme, & Boonstra, 2011) . The function of this glucocorticoid hormone includes facilitating the mobilization of energy reserves to prepare animals for a response such as fight or flee (Mason & Veasey, 2010) . Elevated glucocorticoid levels during an extended time period might be a stress indicator in animals; therefore, salivary cortisol concentration has been used to assess the welfare of animals in captivity in different species (Dathe, Kuckelkorn, & Minnemann, 1992; Fuchs, Kirschbaum, Benisch, & Bieser, 1997; Menargues, Urios, & Mauri, 2008) . There is a high correlation between salivary glucocorticoid levels and free-unbound serum glucocorticoid levels (Sheriff et al., 2011) , but the first method is a less invasive procedure that also reflects free glucocorticoid concentration in blood (Gröschl, 2007; Kirschbaum & Hellhammer, 1994; Wood, 2009) . Serum cortisol concentrations in diurnal terrestrial mammals increase during the morning and decrease during the evening, whereas the opposite occurs in nocturnal animals.
Knowledge of the basal secretory cortisol rhythms is necessary to evaluate the physiological significance of fluctuations in cortisol concentrations as a stress indicator in animals (Suzuki et al., 2003) . There are several studies that assess the circadian pattern of cortisol secretion in some mammal species. For example, Fulkerson, Sawyer, and Gow (1980) found a significant variation in cortisol concentration levels between midnight and midmorning in dairy cattle. Irvine and Alexander (1994) , who worked with horses, and Suzuki et al. (2003) , who worked with dolphins, found that both species had the highest cortisol concentrations in the morning and the lowest hormone levels in the evening and at night. In elephants, Brown, Kersey, Freeman, and Wagener (2010) found that urinary cortisol excretion showed high levels in the morning, which decreased during the evening. Studies on salivary cortisol levels in pigs (Ekkel et al., 1996; Ruis et al., 1997) demonstrated that the concentration of cortisol was also higher during the morning and lower in the evening.
The aim of this study was to test whether salivary cortisol levels of the Asian elephant (Elephas maximus) vary between morning and evening and to take into account this possible variation when using this method as a tool to assess the welfare of captive individuals of this species (see also Brown et al., 2010) .
METHODS

Location and Animals
The study was conducted at Terra Natura Zoological Park, Alicante, Spain (38 ı 32 0 N and 0 ı 08 0 W), which has an extent of 320,000 m 2 and where mean annual temperature is 18.6 ı C and annual precipitation is 350 mm (Villajoyosa Downloaded by [Dr Kenneth Shapiro] at 10:45 09 June 2015
Weather Station, Water Consortium of Marina Baja, Callosa d'En Sarria, Alicante, Spain: http://www.consorciomarinabaja.org). Morning and evening salivary samples were obtained from 3 female Asian elephants (Elephas maximus) ages between 22 and 25 years old (Momo: 22, Grande: 25, and Kaisoso: 25). During the night, Momo and Grande were housed together in the same stable and Kaisoso was housed with another female (Petita). Inside dimensions of both stables were 5 8 3.50 m. During daytime, elephants were located in two different 3,000 m 2 dry meadows with artificial lakes (Momo and Grande were in the same meadow and Kaisoso was in another one). The diet of the elephants consisted of oat, branches, fruit, and vegetables, and they were also provided with ad libitum water. All animals were trained and handled using free contact by keepers with whom they became familiar and who collected the saliva samples.
Sample Collection
Two saliva samples of each elephant were taken on a daily basis, one at 07:30 and the other at 19:30 during June 2007. Mean monthly temperature, mean sun radiation, and mean daylight (hours of light per day) in June 2007 were 23 ı C, 288 W/m 2 (Villajoyosa Weather Station), and 14:47 (Astronomical Applications Department of the U.S. Naval Observatory: http://aa.usno.navy.mil), respectively. To avoid cortisol molecule degradation, samples were taken at least 1 hr after last feeding (Portela, 2000) . Elephants were released into the meadows at 09:00 and came back to the stables at 19:00. Therefore, in the morning, samples were always collected before releasing the elephants into the meadows and feeding them; in the evening, samples were collected immediately after elephants returned to their cages, and the last feeding always took place at least 1 hr before caging the animals. During the study, samples were always collected at the same hour to avoid variations in saliva cortisol concentration (i.e., significantly large variation in concentrations can occur during early morning within relatively short time intervals; Portela, 2000) . Samples were collected using the Salivette kit (Sarstedt, AG & Co., Numbrecht, Germany) and centrifuged at 2,000 rpm for 2 min at 15 ı C. The eluted saliva was stored at 20 ı C until cortisol concentration was determined.
Hormone Analysis
Salivary cortisol concentration was determined twice from a total of 126 samples (48 for Grande, 38 for Kaisoso, and 40 for Momo; half in the morning and half in the evening), and mean values of every sample were used to assess the differences between morning and evening samples. To measure cortisol concentration, we used a modification of the solid-phase radioimmunoassay Downloaded by [Dr Kenneth Shapiro] at 10:45 09 June 2015 (RIA; Coat-A-Count, Siemens Medical Solutions Diagnostics, Los Angeles, CA, USA), and the tubes were counted on a Packard Cobra Auto Gamma Counter (Auto-Gamma 5000 series, Cobra 5005, Packard Instruments Company, Meriden, CT, USA). A minimum of 0.4 ml of saliva was required for the duplicate assay (Menargues et al., 2008) . Modifications were made in the form of increasing the volume of the sample to 200 l, in the standard curve, through 1:10 dilutions of the standards and by increasing the incubation period to 24 hr to increase assay sensitivity (Lopez-Mondejar et al., 2006) .
In order to conduct the assay validation, assay precision was assessed by intraassay and inter-assay coefficients of variation (7.8% and 6.4%, respectively), and accuracy was assessed by system recovery check (109.4%). To evaluate the standard curve, we carried out a correlation study between serial dilutions of pooled saliva and the standard curve, which showed that the dilution curve of pooled elephant's saliva was correlated positively with dilutions of the standard curve (r D 0.946, df D 6, p < .001). Analytical sensitivity was calculated by interpolation of the mean minus two standard deviations of 10 replicates of zero calibrator, being 0.82 C 0.14 nmol L 1 of cortisol. Specificity was extracted from the information supplied by the manufacturer's kit (cortisol antibody cross-reactivity: 100% with cortisol, 11.4% with 11-deoxycortisol, 2.3% with prednisone, and 1% with corticosterone and cortisone).
Statistical Analyses
For each individual, data were analyzed using the paired-samples t test, relating cortisol concentrations in the morning to those in the evening for the same day (only days when data for both morning and evening values were obtained were used for the analyses). We used this test because differences in paired values of cortisol concentration for every individual (morning cortisol-evening cortisol; see McDonald, 2009) 
DISCUSSION
The results presented here show that levels of salivary cortisol in captive Asian elephants are higher in the morning than in the evening (Figure 1 ), which suggests that this hormone follows a diurnal pattern of secretion. In diurnal animals, cortisol secretion is affected by the sleep-wake cycle, with cortisol concentrations being highest early in the morning and lowest at night, whereas nocturnal animals show the opposite pattern (Brown et al., 2010; Czeisler & Klerman, 1999; Fulkerson et al., 1980; Luboshitzky, 2000; Thun, Eggenberger, Zerobin, Luscher, & Vetter, 1981) .
The diurnal pattern of urinary cortisol excretion has been well characterized for Asian and African elephants (Brown et al., 2010) . When comparing the salivary cortisol levels found in this study with those reported by Brown et al. (2010) , a similar pattern of cortisol secretion was observed. In both studies, Downloaded by [Dr Kenneth Shapiro] at 10:45 09 June 2015 samples collected in the morning (between 06:00 and 08:00 in Brown et al., 2010 ; at 07:30 in this study) showed a higher cortisol concentration than samples collected in the evening (between 18:00 and 20:00 in Brown et al., 2010; at 19:30 in this study). These differences between morning and evening levels may be due to the fact that elephants did not eat during the 8 hr of night enclosure, and this prolonged period of fasting may have stimulated lipid metabolism (Portela, 2000) . Given that cortisol is involved in increasing lipid metabolism (Eckert, Randall, & Augustine, 1998) , it may be argued that the fasting situation animals are subjected to may have increased cortisol levels to activate lipid catabolism to obtain energy. However, in humans it has been shown that the circadian rhythm of adrenocorticotropic hormone (and as a consequence, also that of the cortisol) persists during 2 or 3 days of fasting (Delgado, 1992) and therefore it is quite unlikely that the observed differences may be the related to the need to activate lipid's metabolism.
It is known that salivary cortisol concentration is a good indicator of stress in animals (Oki & Atkinson, 2004) . Beerda, Schilder, Janssen, and Mol (1996) and Fuchs et al. (1997) used salivary cortisol to measure stress in dogs and in squirrel monkeys, respectively, revealing that cortisol levels significantly increased after subjecting the animals to situations that could be regarded as stressful. Also, salivary cortisol has been shown to be a useful tool to assess welfare in captive elephants, showing that cortisol concentrations significantly increased just before the opening of a zoological park, decreasing to normal levels after a period of approximately one month (Menargues et al., 2008) . Baseline levels, as well as rapid and brief increases in cortisol concentration, may be easily detected in elephant saliva (Dathe et al., 1992; Mason & Veasey, 2010; Menargues et al., 2008) . Therefore, knowledge of these daily salivary cortisol patterns in Asian elephants is very important when using this method as a tool for welfare assessment in this species given that there are fluctuations on the basal levels of cortisol related to the hour of collection (see also Ekkel et al., 1996) . Furthermore, the description of these general patterns could be improved by sampling in shorter intervals within the same day (Bingham, Cornelissen, & Halberg, 1992) to get a more detailed picture of the daily fluctuations as well as by analyzing differences in circadian salivary cortisol profiles related to age or gender of Asian elephants. Studies in pigs have demonstrated that baseline salivary cortisol concentrations slightly increase between 9 and 11 weeks of age and also between 13 and 15 weeks, and then they gradually decrease until 22 weeks of age (de Jong et al., 2000) . In children, it has also been shown that an increase in cortisol levels occurs in the first 1 to 6 years of life followed by a decrease until 15 years old (Haen, Halberg, & Cornelissen, 1994; Onishi et al., 1983) . Gender differences in plasma cortisol levels of pigs of the same age have also been found, with a higher value for barrows than for gilts (Ruis et al., 1997) . Downloaded by [Dr Kenneth Shapiro] at 10:45 09 June 2015
CONCLUSIONS
Knowledge of the circadian pattern of cortisol secretion is an important factor for the reliable interpretation of data obtained for welfare assessment in captive Asian elephants through salivary cortisol. Asian elephants exhibit a diurnal pattern of salivary cortisol secretion, with higher levels in the morning than in the evening. Adrenal cortisol activity in Asian elephants could be monitored using this low-invasive method of samples collection and analyzing salivary cortisol concentration by RIA. This has proven to be a useful and objective method for stress assessment in this species.
